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ABSTRACT 
The Evripos crossing project (Greece) consisted of: The main cable stayed high bridge with three spans (90m- 215m- 90m), two 
approach bridges with four spans (36m and 39m) and two embankments on soft marine deposits. The pylons of the main bridge were 
founded on cast in situ R.C. piles, 120cm diameter, embedded in ophiolithic rock or cretaceous limestones, base and skin grouted. 
Limestone cavities were identified by continuous recording of the borehole drilling using the Enpasol technique. A fully 
instrumented pile was tested for vertical and lateral loading. For the foundation of the two end piers of the high bridge on limestone, 
micropiles in tension were used to resist the uplift forces. For the stability of the approach embankment in St. Stefanos Bay, on a 
15.0m thick very soft to soft marine clay, ground improvement techniques were used, including excavation and replacement by 
rockfill of the surfacial (3.50m), very soft layer, installation of prefabricated vertical drains and preloading. The performance of the 
embankment was monitored during construction. Results and conclusions on the instrumentation are presented. 
KEYWORDS 
Bridge foundation. piles in rock. Enpasol, pile loading test, instrumentation, embankments. 
INTRODUCTION 
For the crossing of the Evripos Narrows, 80km north of 
Athens, Greece, the construction of a R.C. high bridge and its 
approaches was decided. The existing old bridge at the 
narrowest point was serving all the traffic to and from the 
Euboea Island through its capital, the city of Chalkis. The 
bridge opens to navigation and closes to road traffic and vice 
versa resulting in long delays during the peak hours. The 
foundation problems for the main high bridge, the approach 
bridges and the two embankments on soft marine deposits are 
presented in this paper. 
THE PROJECT 
The crossing required the construction of: 
• The main cable stayed high bridge of R.C. with three 
spans (90m - 215m -90m), with a free navigation height 
of 35.50m. The deck of the cable·stayed bridge has a 
section of R.C. with a thickness of 0.45m and it is 
transversely prestressed. It is suspended from two levels. 
• Two approach bridges of R.C. with 
35.875m and 39.0m. The approach 
constructed using prestressed R.C. beams. 
casted in situ. 
four spans of 
bridges are 
The deck was 
• Two embankments on soft marine deposits for the 
crossing of the highway over two small bays on the 
island next to the high bridge. 
THE FOUNDATION PROBLEMS 
The main Cable Stayed Brid!!e. 
The two pylons of the bridge of a height of about 90m above 
MSL, fig. I (Stathopoulos, 1987), are founded on large 
diameter, 120cm, piles in a depth of 30m on the mainland site 
and 15m on the island site. Protection against ship collision is 
achieved by placing large size rockfill and concrete blocks. 
The foundation of each pylon is on 20 cast in situ R.C piles. 
The capping slab and beams have a thickness of 5.0m. On the 
mainland coast the piles have a length of 30m in the 
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serpentine complex. while on the island coast have a length of 
15m in the cretaceous limestone. The design load of the piles 
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A simplified geological profile is shown in fig.l. The 
foundation of the high bridge pylon on the island site had to 
face the problem of the carstic cavities in the limestone 
bedrock. To locate the carstic cavities in the limestone and 
evaluate its fill material, the Enpasol method for every pile 
was used. The method consists of a continuous recording, 
during borehole drilling operation of the following 
parameters: Pressure of the drilling fluid, torque at the top of 
the drilling string, vertical pressure on the drilling string, 
speed of rotation of the string in RPM, force for the 
suspension of the drilling string, vibration and time of 
advancing of the drilling every 0.5cm. Some cavities were 
found and corrective measures were taken. The piles were 
base and skin grouted to ensure their bearing capacity. 
The piles of the mainland pylon had to go through clay and 
silt layers into the serpentine bedrock. To resist the lateral 
loads, the top loose material to a depth of about 2.5m was 
replaced by rockfill material with sizes from 1 Ocm to 30cm. 
Two loading tests were carried out, on fully instrumented piles 
with a diameter of 75cm. The behaviour of the piles under a 
vertical load of 800 tons was practically elastic with a 
compression of 5rnm. Figure 2 gives the load displacement 
curve for the horizontal loading test. Under the maximum 
load of 70 tons, the displacement was only 36mm due to the 
high resistance provided by the top layer of rockfill (Gazetas, 
1988). 
The two end piers of the high bridge, next to the pylons, 
transfer uplift forces to the foundation and therefore tensile 
micropiles were used. The micropiles consisted of steel 
beams, in holes drilled with the Down the Hole Hammer 
Technique and grouted with small pressures, as the cavities of 
the limestone did not pennit application of high grouting 
pressures . 
The Approach Bridges 
The bridge piers are directly founded on the limestone 
bedrock. Lean concrete was placed on the excavated rock to 
fill in the surface cavities. Enpasol was used to ensure that no 








Fig. 2 Lateral load-displacement curve: pile displacement 
profiles 
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The Approach Embankments 
On the island site hvo embankments over tv...'o small bays were 
constructed as part of the bridge-embankment system of the 
narrows crossing. 
The soft marine soil deposits posed a problem on the stability 
and long tenn settlements of the embankments. The first 
embankment (Santa Marina Bay), where the bedrock was in 
shallow depth, was constructed by rockfill dumping displacing 
the layer of the soft clay. The St. Stefanos Bay embankment, 
where the bedrock was in a depth of 25.0m, required certain 
stabilization measures, which are presented below. 
St. Stefanos embankment 
The plan view of the highway embankment crossing the St. 
Stefanos Bay is given in fig.3. Figure 4 shows the properties 
of the soil layers. In figure 3, the proposed instrumentation 
for the monitoring during construction is also indicated. The 
embankment stability was analyzed using a computer 
program. The evaluation of the F.S. was based on BISHOP's 
modified method of slices. To secure a minimum FS =1,05 
for the seismic loading. the proposed construction scheme, 
fig.5, included: 
Excavation to -4.20rn by floating equipment. 
Installation of vertical plastic drains in a grid 1.5m by 
l.Srn using floating equipment. 
Placing of separation geotextile from floating 
platforms. 
Placing of rockfill in layers from tloating barges and 
cranes. 
Construction of a rockfill berm towards the sea. 
Backfilling to the land side. 
Stage construction of the embankment with rockfill 
material supplied by nearby rock cuts of the highway. 
Extra fill for preloading. 
The soil parameters used in the analysis are: 
Rockfill material, y, ~ 2.1 tim', <p ~ 45°, c ~ 0.0 tim' 
Soft layer I (from -3.20m to 7.00m) 
. End of embankment construction 
Yb = I .8 tfm·1 , q> = 0.0°, c = I .3 t'm: 
End of consolidation, including pre loading fill 
Yb ~ 1.8 tim', <p ~ 0.0°, c ~ 2.8 t/m 2 
Soft layer (from -3.00m to end) 
. End of embankment construction 
Yb = 1.8 tim 3 • q> = 0.01\ c = 2.2 v·m2 
. End of consolidation, including pre loading fill 
Yb = 1.8 t/m3 , q> = 0.0°, c = 4.0 tlm2 
360 
The seismic coefficient according to the '"'New Greek Code for 
Earthquake Design" is at the base£= 0.12g and at the crown 
of the embankment £ ~ 0.21 g. 
The analysis gave F.S for static loading = 2.24 and F.S for 
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Fig. 4 St. Stefanos soil profile 
Instrumentation 
To monitor the performance of the embankment during and 
after construction the following instrumentation \Vas installed. 
(Fig. 3): 
Nine surface monuments. 
Seven electric piezometers (vibrating wire), in 






Seven electric settlement gauges at the level of the 
general excavation at the base of the embankment. 
just below the separation geotextile (vibrating wire). 
Evaluation of measurements 
A II the electric piezometers exhibited the anticipated 
performance. There was some time lag as the soil material 
showed some overconsolidation due to the excavation of the 
top 3.2 m 
The set of curves by Lumb (1963) was used to compare the 
change of the pore pressure for a load increasing linearly from 
time t = 0 to time t = t0 , at the mid point of a vertical drain. 
Figs. 6,7 give the results of piezometers P7 and P3, for the 
cycle of the total vertical stress (with reference to the state 
before the excavation of the sea bottom) and the change of the 
pore pressure. Total stresses and pore pressures in fig. 7 are 
indicated in m of water column. 
The good agreement between measured and theoretical values 
is obvious. The ratio u/p0 has its maximum value of 0,80 at t = 
t, The value u/p was 0.40 after 180 days. The electric 
settlement gauges showed the anticipated magnitude. The 
measured settlements at the axis of the embankment were 
0.60m at the position of K5 and 0,90 at K7 (figs.3). 
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Fig 6 Position 84. Embankment height. 
settlement and pore pressures vs. time 
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Fig. 7 Change of total vertical stress (no excavation is 
considered) and pore pressure vs. time 
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